INTRODUCTION
G lobal aquaculture output has recorded significant increase over the years. According to Food and Agricultural Organisation (2008) , an average annual growth rate of 6.9% is expected and it is believed that in the near future it will overtake capture fisheries as a source of food fish. In Nigeria, similar increasing trend in fish culture output have been documented. In 2007 for instance, 85,085 tonnes of fish was supplied by the aquaculture sector in Nigeria, a figure that was far below the 2007 fish demand (FDF, 2007) . Despite the increasing supply in fish protein, Federal Department of Fisheries in Nigeria (FDF, 2008) showed a projected deficit of 1,444,752 tonnes of fish for a projected population of 174.0 millions of people, demonstrating under-supply of fish protein. Catfish is a leading component of Nigeria aquaculture. Its production has the capacity to provide the bridge in the global protein need due to its wide acceptability, ability to thrive in varied conditions of culture as well as its prolificacy (Eyo et al., 2014) . Since catfish does not reproduce in captivity (Zohar and Mylonas, 2001) , farmers use hormonally induced spawning in female broodstock. The males where the milt for fertilization of the ova of the females is obtained are often selected only arbitrary based on the attainment of spawning age and size. In recent times, some authors reported a positive outlook in the use of the gonadosomatic index to determine the reproductive state of male fishes (Diyaware et al., 2010; Kumari, 2014) .
Gonadosomatic index (GSI) is considered as an important parameter of the fish biology that could provide information on fish reproduction and the reproductive status of a species as well as ascertaining the breeding period of fish (Kiran et al., 2013) . Bandpei et al (2011) believed that GSI indicates gonadal development and maturity of fish. In the Catfish, Heteropneustes fossilis the GSI was maximum during spawning season and decreased during post-spawning season (Kumari, 2014) . Although some authors (Shankar and Kulkarni, 2007; Diyaware et al., 2010; Kumari, 2014) agree on the use of GSI to determine the reproductive status of a fish species, Zeyl et al (2014) disagreed by citing that GSI has deficiencies that could negatively impact on breeding programmes. Since the production of the catfish (Clarias gariepinus) is far below the demand, there is urgent need to explore other parameters that will help determine the best age for spawning in male at which to spawn.
The histological features of the testicles of other breeds of catfish have been described (Santos, et al., 2014; Emam and Abughrien, 2014) . Similarly, a few studies have reported on the morphological features of the testicles of C. gariepinus in Nigeria (Ikpegbu et al., 2012; Eyo et al., 2012 , Ajala et al., 2015 . However, in the available literatures, there is no report on the morphological changes in the testicles of broodstock African catfish (C. gariepinus) at different ages of development. The objective of the present study is to evaluate the gonadosomatic indices, histomorphometric and histological changes in the testicles of broodstock African catfish (C. gariepinus) at different ages, with the aim of ascertaining the period of optimum reproductive efficiency of the species.
MATERIALS AND METHODS

Animals
A total of twenty-five apparently healthy male cultured broodstock African catfish (Clarias gariepinus) of 6, 8, 9, 10 and 12 months were used for this study. They were procured from Livestock Specialist Fisheries, Oguta, Imo State, Nigeria in the month of March, 2015. The fish were stocked in concrete ponds according to age at a stocking density of 750 per 12 x 12 x 1 m and were point-fed standard catfish ration (Vital ® fish feed, GCOML Jos, Nigeria 
Sample collection and gross measurements
Following stunning, the live weight and length of the fish were determined. A ventral midline incision was made into the body cavity, and the paired testicles UKAMAKA UCHENNA, OZOKOYE, ANTHONY CHUKWUEMEKA AND UGWU, ONYINYECHI HULDA J HELLENIC VET MED SOC 2017 , 68(2) ΠΕΚΕ 2017 tubules in the present study. A magnification of x40 was used. Tubular and luminal diameters of the seminiferous tubules were measured randomly by choosing several profiles that were round or nearly round in outline per animal. The tubules used for the above measurements were also used to determine the epithelial height. The standardized ocular micrometer which was placed in the eye piece was adjusted in the light microscope until the diameters of the seminiferous tubules and lumen corresponded to a known length on the ocular micrometer scale. The number of divisions on the ocular micrometer was noted and multiplied by 10µm (at x40 magnification, 1 division was equivalent to 10µm). For the epithelial heights, similar procedures were followed.
Statistical Analysis
Data obtained were subjected to one-way analysis of variance (ANOVA). Variant means were separated post-hoc using the least significant difference (LSD) method. Probability of less than 0.05 was considered significant.
RESULTS
Quantitative measurements
The mean gonadosomatic indices (GSI) of the pooled testicles of the broodstock African catfish increased linearly from 0.30 ± 0.02, 0.34 ± 0.01, 0.45 ± 0.09 at 6, 8, and 9 months of age respectively and peaked at 12 months with a GSI value of 0.61±0.13.
were obtained. The weights of the left and right testicles were also determined. Data obtained were used to calculate the gonadosomatic indices (GSI) for each fish according to the formula of Roff (1983) .
Ethics
The guidelines for the care and use of the animals were strictly followed in accordance with the Ethics and Regulations guiding the use of research animals as approved by the University of Nigeria, Nsukka.
Histological procedures
Samples of the testicles were promptly fixed in Bouin's fluid for forty-eight (48) hours. The fixed testicular tissues were subsequently dehydrated in increasing concentrations of ethanol, cleared in three changes of xylene at one hour interval. Following infiltration and embedding with paraffin, 5µm thick sections of the testicular tissues were obtained using a rotary microtome. The thick sections were stained routinely with hematoxylin and eosin for light microscopy. Photomicrographs were captured using a Moticam® digital camera (Motic China Group Co., Ltd., Xiamen, China).
Determination of histomorphometry
A stage micrometer whose scale is a known true length was used to calibrate the ocular micrometer used in the measurements of the tubular diameter, luminal diameter, and epithelial heights of the seminiferous into the testicular parenchyma as trabeculae. The trabeculae partially separated the seminiferous lobules. Each of the seminiferous lobules showed a germinal epithelium which contained cysts of spermatogenic cells at different stages of differentiation. Each cyst showed identical spermatogenic cells at the same stage of differentiation. Cysts of spermatogonia and spermatocytes were observed within the germinal epithelium. The nuclei of the spermatocytes appeared smaller and more basophilic than the nuclei of spermatogonia, which showed large lightly basophilic nuclei and little cytoplasm. Each seminiferous lobules had a lumen which was central, exhibiting large populations of spermatids and spermatozoa. The spermatids and spermatozoa were small with very darkly stained basophilic nuclei. Adjacent seminiferous tubules were bounded medially by the interstitium. It was characterized by connective tissue cells, Leydig's cells and blood vessels.
However, the testicular tissues of the broodstock African catfish of the different ages showed histological variations. At 6 month, the epithelial tissues of the seminiferous tubules appeared enhanced with increasing mitotic figures. However, they exhibited wide lumen and thin interstitium (Fig. 1) . The seminiferous tubules of the 8 and 9 months old fish showed tall epithelial tissues which in some cases obliterated the lumen of the tubules. Where lumen was present, it was narrow. Adjacent seminiferous tubules were in close contact with each other, such that a thin interstitial space was observed (Figs. 2, 3) . At 10 months, the seminiferous tubles demonstrated thin and fragile epithelium with partial distortion of the cystic distribution of spermatogenic cells. In some cases, the epithelium was completely lost. The wide lumen of the The mean GSI of the right and left testicles of the 12 month old fish was significantly (P<0.05) higher than the mean GSI value of 6, 8, and 10 month fish. There was no significant difference (P>0.05) between the mean GSI of the 12 month old catfish when compared to the 9 month old ( Table 1 ).
The height of the seminiferous epithelium, the luminal and tubular diameters of the seminiferous tubules of the testicles of broodstock African catfish varied significantly with age ( Table 2 ). The height of the seminiferous epithelium increased steadily from 52.25 ± 3.15µm at 6 month to 71.95 ± 6.61µm at 9 month and decreased sharply to 21.30 ± 8.89µm at 10 month. The epithelial height of the 9 month old catfish was significantly (P<0.05) higher than the epithelial heights of the 6, 8, 10 and 12 month old fish. However, the epithelial height of seminiferous tubules of the 10 and 12 months old catfish were significantly lower (P>0.05) when compared to that of the 6, 8 and 9 months old catfish. Moreover, the luminal diameters of the seminiferous tubules of the testicles of 10 and 12 months old catfish were significantly (P<0.05) higher than the luminal diameters of the 6, 8 and 9 months old fish. Although the diameters of the seminiferous tubules of the testicles of the 6, 8, 9, 10 and 12 months African catfish varied with age, the variations were not significantly (P>0.05) different.
Testicular histology
The testicles of 6, 8, 9, 10, and 12 months old African catfish showed a thick connective capsule, the tunica albuginea, which were composed of connective tissue fibres and cells (Figs. 1, 2, 3, 4 , 5). The tunica albuginea was highly vascularised and extended deep tubules contained mixed populations of spermatogenic cells (spermatogonia, spermatocytes, spermatids and spermatozoa) while the wide interstitial spaces of the 10 month old testicles contained deposits of connective tissue fibres (Fig. 4) . The histological features of the testicles of 12 month old African catfish were similar to the features described for the 10 month old testicles. Moreover, there were evidences of necrosis of the some cells of the seminiferous epithelium of the seminiferous tubules of the 12 month old testicles (Fig. 5) .
DISCUSSION
Effective breeding programme in the aquaculture of broodstock African Catfish (Clarias gariepinus) requires knowledge of the morphological changes that occurs in its testicles and proper timing of breeding. In the present study, the mean testiculo-somatic index of the broodstock African catfish peaked at 12 month, erroneously suggesting that the fish had peak testicular efficiency. However, our report on the testicular histology of the 12 month old catfish in this study does not represent increased testicular activity. The peak value could be due to increase in the mass of the testicle rather than the spermatogenic activities. Although several previous authors (Diyaware et al., 2010; Kumari, 2014) have confirmed a positive relationship between the GSI and reproductive efficiency, Zeyl et al (2014) reported some deficiencies of GSI. Our report shows that GSI alone may not be adequate to determine the testicular efficiency since increase in testicular mass may be due deposition of connective tissues as the fish age. Therefore selection of broodstock for spawning should not rely solely on the GSI since increase in testicular mass may not always reflect testicular efficiency.
Quantitative data shown in the present study exhibited variable epithelial height (EH), luminal diameter (LD), and seminiferous luminal diameter (TD) with age. The significantly higher EH of the 8 and 9 months old fish compared to the other months suggest that the 8 and 9 month old broodstock catfish have higher spermatogenic activities. However, the EH of the 6 month fish which was significantly higher than the EH of the testicles of 10 and 12 may indicate a growing testicles while the decreased EH of the testicles of 10 and 12 months may show decreased testicular activity which is consistent with spent testicle. The finding of this study is collaborated by the reports of previous authors (Gradela et al., 2013; Lancester et al., 2014) on the testicles of other animal species. Rapid multiplication of spermatogenic cells within the seminiferous epithelium has been shown to be responsible for rapid increase in the height of the epithelium (Lancester et al., 2014) .
Furthermore, in this study the 6 and 9 month old fish exhibited the least luminal diameters while highest values for the luminal diameters were observed in the 10 and 12 month old catfish. The decreased luminal diameter of the seminiferous tubules may be associated with the increased activity of sperm cells within the seminal epithelium. The 8 month old fish which had a luminal diameter of 105.40 ± 1.85µm may demonstrate increase epithelial activity and release of mature spermatozoa into the lumen as well as storage of mature sperm cells in the epididymis. As the height of the epithelium increases, the diameter of the lumen is expected to decrease. The increased luminal diameters of the seminiferous tubules of the testicles of 10 and 12 months may be due to the maturation and release of sperm cells into the lumen and the loss of seminiferous epithelium as earlier shown in the report of Lancaster et al (2014) on the testicular morphology of Mississippi map turtle obtained between April and July. Whereas, the result of the luminal diameters of the 6, 8, and 9 month old catfish may represent the catfish population with increased spermatogenic activities; the testicles of the 10 and 12 month old fish based on the luminal diameters may not be suitable for breeding exercises.
The tubular diameters of the seminiferous tubules reported in this study did not show any significant difference. Previous authors have reported that the diameters of the seminiferous tubules can be influenced by the activity of the spermatogenic cells within the epithelium which could distend the tubules and the mass of the testicles (Gradela et al., 2013; Lancaster et al., 2014) . However, it is also plausible that at puberty the seminiferous tubules may be fully distended such that at sexual maturity and sexual inactivity the degrees of change in the tubular diameters may be insignificant.
Cystic organisation of spermatogenic cells in the present study is similar to that observed in other toleosts (Leal et al., 2009; Rupik et al., 2011; Vergilio et al., 2013) . However, at different ages, the histological features of the testicles of the studied C. gariepinus varied. The rapid multiplication of spermatogenic cells in the seminiferous tubules of the testicles of 6, 8 and 9 months old fish examined in this study were obvious by their enhanced germinal epithelium and increasing mitotic figures, but the testicles of 8 and 9 month old C. gariepinus which showed tall epithelial tissues as earlier demonstrated by our histomorphometric data may further represent a maturation phase and an age suitable for reproductive activities. The complete loss of epithelium or partial distortion of the cystic distribution of spermatogenic cells which we observed in the 10 months old testicles could show degenerative changes that occurred as the fish aged. It is a deviation from the report of Grier and Taylor (1998), and Grier (2002) in regressed testicles where remnants of spermatogonia in discontinuous germinal epithelium and few clusters of spermatogonia could later initiate spermatogenesis. In the present study, the luminal content of mixed population of spermatogenic cells instead of mature spermatozoa, distorted cystic pattern and the necrotic foci of spermatogenic cells much more show degeneration than testicular regression. This is further confirmed by wide interstitial spaces and the increased deposition of
